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1

APPARATUS FOR CONVERTING AN ANALOG
SIGNAL TO A BINARY SIGNAL

BACKGROUND OF THE INVENTION

The present invention relates to an apparatus for
converting an analog signal to a binary digital signal.

In a facsimile system or a pattern recognition system,
image information of a document sheet is converted to
an analog video signal by a document read unit which
utilizes a photo-electric conversion device such as a
CCD (charge coupled device) line sensor, and the ana-
log video signal is compared with a predetermined
reference signal to produce a binary digital signal,
which is then processed for transmission over a trans-
mission line. Because of variations of document illumi-
nation, light intensity around the periphery of an optical
lens and sensitivities of photosensitive elements corre-
sponding to picture cells of the CCD line sensor, an
analog video signal produced by the CCD line sensor in
the document sheet read unit includes a distortion or
“shading” which results in local reduction of the output
level. In addition, because of a reduction of the light
intensity of a document sheet illumination light source
by aging or a change of the background of the docu-
ment sheet, the absolute value of the amplitude of the
analog video signal varies. Thus, when such an analog
video signal is compared with the reference signal of a
predetermined level to convert it to a binary digital
video signal, The digital video signal which represents
the image information of the document sheet may not
be accurately produced. A signal binary-digitizing pro-
cessing apparatus which controls the reference signal to
compensate for the above-mentioned distortion or the
variation of the absolute value has been proposed. For
example, reference is to be made to U.S. patent applica-
tion Ser. No. 151982 filed on May 21, 1980 (correspond-
ing to Japanese Patent Application Laid-Open No.
156475/80 laid-open on Dec. 5, 1980) and U.S. Patent
Application Serial No. 260090 filed on May 4, 1981
(corresponding to Japanese Patent Application Laid-
Open No. 157575/81 laid-open on Dec. 4, 1981, now
U.S. Pat. No. 4,420,742, issued Dec. 13, 1983.

However, such apparatus may not correctly produce
a binary digital signal from an analog video signal de-
rived from the document sheet when the document
sheet includes (a) a fine or thin pattern, (b) a pattern
having repetitive white and black areas at a smail inter-
val and/or (c) a pattern having at least one white area in
a black area. |

FIG. 1 shows an apparatus similar to that shown in
FI1G. 1 of the copending U.S. patent application Ser.
No. 260090 mentioned above. This apparatus is there-
fore a subject matter of the patent application which
had not been publicly known before the priority date of
the present application but filed prior to the priority
date.

Referring to FIG. 1, a document sheet 10 driven in a
direction of an arrow by drive means (not shown) is
illuminated by a lamp 11 and a scanning line area ex-
tending widthwise of the document (normal to the di-
rection of drive) is imaged on a photo-sensitive plane of
a photo-electric converter array 13 through a lens 12.
The photo-electric converter array 13 may be a CCD
line sensor which may comprise 2048 picture cells.
Voltage signals produced in the respective picture cells
of the photo-electric array 13 are taken out serially in
the order of its cell arrangement and applied to an ana-
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log video input terminal 1 as an analog video signal A.
Such an analog video signal A usually includes 20-40%
shading. Numeral 2 denotes a peak hold circuit which
holds a peak value of the analog video signal A applied
to the video input terminal 1 and produces an analog
peak voltage B. An analog-to-digital converter 3 in a
converter circuit 14 receives the analog video signal A
for a scan of a white area (at the top portion of the
document sheet) and the analog peak voltage B, and
produces a digital coded shading profile signal C which
1s normalized by the analog peak voltage B and supplies
the signal C to a memory 4, which stores the normalized
shading profile signal C. This signal C corresponds to
the above-mentioned “shading” distortion. The normal-
1zation 1s carried out by scaling the voltage of the ana-
log video signal A using the peak voltage B as a refer-
ence. Any unit and any scale may be selected. The peak
hold circuit 2 produces an instantaneous peak voltage
Vp which follows a change in the background of the
document sheet. When image information is to be pro-
cessed, a digital-to-analog converter 5 in the converter
circuit 14 recetves the normalized shading profile signal
C which is read out of the memory 4 and a current value
of the analog peak voltage B produced by the peak hold
circuit 2 and produces a background voltage D corre-
sponding to white or plain background at that time. By
appropriately dividing the background voltage D by a
voltage dividing resistor 6, a shading-compensated ref-
erence signal E; is produced. Numeral 7 denotes a com-
paring circuit which compares the analog video signal
A carrying the image information with the reference
signal E1 to produce a binary information signal E; at an
output terminal 8. The operations of the photo-electric
converter array 13, the peak hold circuit 2 (of a digital
type), the memory 4 and the converter 14 including the
analog-to-digital converter 3 and the digital-to-analog
converter § are controlled by timing signals such as a
sync signal, a clock signal and/or a reset signal supplied
from a control circuit 88. The control circuit 88 may
include a clock generator, a sync signal generator and a
counter for dividing the frequency of the output of the
clock generator to define the repetition frequency of a
clock signal to be used. Thus, the controller 88 supplies
the sync signal and the clock signal to the array 13 for
Its operation, the clock signal and a reset signal to the
peak hold circuit for its operation, the clock signal to
the converters 3 and 5 for their operations and the clock
signal to the memory 4 for determining addresses in the
memory 4. If the peak hold circuit 2 is of an analog type
no timing signal will be necessary.

Referring to the time chart of FIG. 2, the operation of
the circuit will now be explained.

The analog information signal A which is produced
by repetitively and photo-electrically scanning the doc-
ument sheet includes background information scan sig-
nal trains A-1 and A-2 and pattern information scan

- signal trains A-3, .. . The background information scan
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signal train A-1 is applied to the peak hold circuit 2
which holds a peak value thereof and produces a peak
hold voltage B at the output. The next incoming back-
ground information scan signal train A-2 is normalized
by the peak hold voltage B for each picture cell and
digitized to produce a shading profile signal C for all
picture elements of a scanning line. The normalized
digitization may be carried out by digitizing the back-
ground information scan signal train A-2 for all the

~picture elements while putting the peak hold voltage to
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- the most significant digit MSB (a2 maximum value in
digital representation) and a zero volt signal to the least
significant digit LSB (a minimum value in digital repre-
sentation). Alternately, the digitization may be carried

out by dividing the background information scan signal
train A-2 by the time axis and sampling the divided

signals independently, or by sequentially comparing the
current picture cell value with the previous picture cell
value. The digital signals C are sequentially stored in
corresponding addresses of the memory 4. In this man-
ner, the normalized digitization and the storage (storage
of the shading profile) of the background information
scan signal train (e.g. plain background of the document
sheet) are completed.

After the shading profile has been stored, the signal
processing system proceeds to the process of convert-
ing the analog scan signal train to a binary-level signal.
This takes place in response to the detection of a prede-
termined time after the initiation of the photo-electric
conversion of the document sheet or to detection of a
predetermined number of scanning lines. In the binary-
level conversion operation, the analog scan signal train
A-3 carrying the image information is applied to the
information input terminal 1. In synchronism therewith,
the shading profile digital signals stored at the addresses
corresponding to the picture cell positions in the mem-

ory 4 are read out and applied to the digital-to-analog

converter 5. The digital-to-analog converter § also re-

4,571,573

10

15

20

25

.-« cerves the peak-hold voltage B and produces the back-

-ground voltage D having the possible maximum value
wivat the peak-hold voltage B. By constructing the peak

#~hold circuit 2 such that it always holds a peak value of

i the current analog scan signal train A, it is possible to
. produce the background voltage 1D adapted to the ana-
~log scan signal train A-3 even when the plain back-

... ground of the document sheet varies. The background
vz voltage D thus produced is applied to the voltage divid-

=r.ng resistor 6 which produces a compensated reference
.rivoltage Ejq, which in turn is compared with the analog
7 scan signal train A-3 to produce a binary information

w.signal Fi.

“+ However, when information as represented by an
analog video signal shown in FIG. 3 is included in the
pattern or the image information of the document sheet
10, the image information corresponding to signal por-
tions Pi, P2 and Pj3, that is, a fine or thin line pattern, a
white and black repetitive pattern and a white area in a
black area is neglected or not correctly converted to a
binary digital signal even if the compensated reference
signal Ej 1s used.

SUMMARY OF THE INVENTION

It 15 an object of the present invention to provide an
apparatus for converting an analog signal to a binary
digital signal which can correctly convert information
contained in the analog signal to the binary digital sig-
nal.

In accordance with one aspect of the present inven-
tion, there are provided circuit means for producing a
background signal for an analog video signal, circuit
means for dividing the background signal to produce a
reference signal, circuit means for dividing a difference
between the analog reference signal and an input analog
signal to produce a correction signal, circuit means for
adding the correction signal to the reference signal
when the input analog signal is larger than the reference
signal and subtracting the correction signal from the
reference signal when the input analog signal i1s smaller
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 than the reference signal to vary the reference signal

depending on the image information included in the
analog signal, integration circuit means for suppressing
an abrupt or rapid change of the amplitude of the cor-

rected reference signal to produce a modified reference
signal, and compare circuit means for converting the

input analog signal to a binary digital signal by compar-
ing it with the modified reference signal to correctly
convert the image information contained in the analog
signal to the binary digital signal.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 1s a block diagram of an apparatus similar to a
signal processing apparatus disclosed in the copending
U.S. patent application Ser. No. 260,090.

FIGS. 2 and 3 are operational waveform diagrams of
the apparatus of FIG. 1.

FIG. 4 shows one embodiment of the present inven-
tion.

FIG. § shows waveforms used to explain the opera-
tion of the embodiment of FIG. 4.

FIGS. 6A and 6B show partial modifications of the
embodiment of FIG. 4. |

DESCRIPTION OF THE PREFERRED
EMBODIMENTS

One embodiment of the present invention will now be
explained with reference to the block diagram of FIG.
4 and signal waveforms shown in FIG. 5, in which the
present invention is implemented as a facsimile system.
The like elements to those shown in FIG. 1 are desig-
nated by like numerals and detailed description thereof
1s omitted. | |

A peak hold circuit 2 holds a maximum level of an
all-white or a background analog video signal A; and
produces a peak hold voltage B representing the maxi-

‘mum Jevel. An A/D converter 3 of an A/D-D/A con-

vert circuit 14 compares the next all-white or back-
ground analog video signal Aj with the peak hold volt-
age B to produce a digital shading profile signal C
which represents a distortion characteristic, which sig-
nal is stored in a memory 4. When an analog video
signal Ay which contains image or pattern information
1s to be converted to a binary digital signal, a D/A
converter d refers to the peak hold voltage B of the peak
hold circuit 2 which holds the maximum level of an
analog video signal Ax_ 1 in a previous scan cycle and
reads out a digital signal C representing the distortion
characteristic of a picture cell to be converted to the
binary digital signal from the memory 4 to produce a
background signal D. A first voltage dividing resistor
20 divides the background signal D (which is typically
a voltage signal) to produce an analog reference signal
voltage Ej. The arrangement and operation of the ele-
ments 1-5 so far described are similar to those of FIG.
1. Accordingly, specific circuit configurations of the
peak hold circuit 2, A/D converter 3 and D/A con-
verter 3 may be those shown in the copending Applica-
tion Ser. 260,090.

The output terminal of the first voltage dividing resis-
tor 20 is connected to the non-inverting input terminal
of an operational amplifier 21 having an output terminal
thereof connected to its inverting input terminal. The
operational amplifier 21 forms a voltage follower which
reproduces an input reference signal E at its output
terminal with a low output impedance. A second volt-
age-dividing resistor 22 is connected between the out-
put terminal of the operational amplifier 21 and an ana-
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log video input terminal 1. In the present embodiment,

it comprises two series-connected resistors R and R.
An integration capacitor 23 is connected in parallel
with the resistor R; of the dividing resistor 22. A com-
paring circuit 24 receives a modified reference voltage,
that 1s, a comparison reference signal voltage E; pro-
duced at the output terminal of the second voltage di-
viding resistor 22 and the analog video signal A which
includes the image information, compares the magni-
tudes of those mput signals, and produces a low level
digital video signal F; representing white or back-
ground iformation when the analog video signal Ay is
larger than the comparison reference signal E; and
‘produces a high level digital video signal F; represent-
ing black or pattern information when the analog video
signal Ay is smaller than the comparison reference sig-
nal E, .

In accordance with such binary digitization conver-
sion apparatus, when the analog video signal Ay is
larger than the reference signal voltage E1, the voltage
across the resistor R of the second voltage dividing
resistor 22 which divides the voltage difference be-
tween those signal voltages, that is, a correction voltage
1s added to the reference signal voltage E; to produce
the relatively high level comparison reference signal
voltage Ej so that the fine line image information P;
contained in the analog video signal A, is correctly
. converted to the binary digital signal. When the white
- and black repetitive image information P; is contained
in the analog video signal A,, the analog video signal
A x1s smaller than the reference signal voltage E so that

the correction voltage appears across the resistor Ry of

the second voltage dividing resistor 22 in a polarity to
lower the reference voltage E;. For the image informa-
tion P3, the analog video signal Ay is oscillating. Ac-
cordingly, it is integrated by the capacitor 23 to pro-
duce an intermediate level comparison reference signal
E: so that the white and black repetitive image informa-
~ tion Pj can be correctly converted to the binary digital

- signal. For the image information P3 which represents

. the white line in the black background, the analog video

signal A, is smaller than the reference signal voltage E;
so that the correction voltage appears across the resistor
R of the second voltage dividing resistor 22 in a polar-
1ty to reduce the reference signal voltage E;. In this
case, the capacitor 23 is fully charged to a stable state so
that the comparison reference signal voltage E assumes
the low level and the white fine line image information
P3 can be correctly converted to the binary digital sig-
nal. It is apparent from the comparison of the signal
waveforms of FIGS. 3 and 5 that the digital video signal
F3 thus produced correctly represents the analog video
signal A,.

In the above explanation, it was assumed that the
background signal is distorted. The background density
signal may be produced by a prefixed distortion signal
generator 1nstead of storing the all-white or background
analog video signal. Further, the integration capacitor
23 may be connected between the junction point of the
second voltage dividing resistor 22 and a common po-
tential point in the apparatus such as a ground point as
shown by a dotted line in order to attain a similar effect.

The present invention can be applied to convert an
analog video signal having a non-distorted background
signal to a binary digital signal. In this case, a voltage
derived from a D.C. power supply corresponding to the
background signal voltage may be divided to produce a
constant magnitude reference signal voltage E;.
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Furthermore, as shown in FIG. 6A, instead of the
integration capacitor 23 shown in FIG. 4, a low opera-
tion speed operational amplifier 25 may be inserted
between the junction point of the resistors R; and R»
and the comparator 24 and the non-inverting input ter-
minal thereof may be connected to the junction point of
the resistors, the inverting input terminal thereof being
connected to the output terminal thereof and the output
terminal thereof being connected to one input terminal
of the comparator 24.

Further, in a modified form as shown in Fig. 6B,
instead of the integration capacitor 23 shown in FIG. 4,
a delay line 26 may be connected between the junction
point of the resistors R; and Rj and one input terminal
of the comparator 24.

We claim:

1. An apparatus for converting an analog input signal
having a component corresponding to a background
and shading profile to a binary output signal, compris-
ing:

means for producing at its output terminal an analog

reference signal from said analog input signal re-
cerved at its input terminal, said analog reference
signal being determined on the basis of said back-
ground and shading profile component of said ana-
log mput signal;

means connected with said analog reference signal

- producing means for detecting the difference in

amplitude between said analog input signal and said
analog reference signal and for dividing said differ-
ence to produce a correction signal;

comparison reference signal producing means includ-

ing first means connected with said difference de-
tecting and dividing means for adding to or sub-
tracting from said analog reference signal said cor-
rection signal depending on whether the amplitude

- of said input signal is larger or smaller than that of

- said analog reference signal to adjust said analog
reference signal and second means for suppressing
and delaying any rapid change of the so adjusted
analog reference signal, thereby producing a com-
parison reference signal; and

means for comparing the amplitude of said input

signal with that of said comparison reference signal
to generate said binary output signal.

2. An apparatus according to claim 1, in which said
first means in said comparison reference signal produc-
ing means includes a series circuit of resistors connected
between said input and output terminals of said refer-
ence signal producing means, a signal appearing from
the junction of said resistors being fed as said compari-
son reference signal to said comparing means.

3. An apparatus according to claim 1, in which said

- second means in said comparison reference signal pro-

ducing means includes an integrating capacitor.

4. An apparatus according to claim 1, in which said
second means 1n said comparison reference signal pro-
ducing means includes a low speed operational ampli-
fier having 1ts inverted input terminal connected with
its output terminal to constitute a negative feedback
path. -

5. An apparatus according to claim 1, in which said
second means in said comparison reference signal pro-
ducing means includes a delay line.

6. An apparatus for converting an analog input signal
to a binary output signal, comprising:

means for detecting a peak value of said analog input

signal;
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means responsive to the output of said peak value scan signal including a shading profile substantially

detecting means for producing an analog reference common to each scan Iim_e, con?prising: |
signal; | input means for supplying said analog scan signal;
means for modifying the amplitude of said analog pegk hOI.d rHeans 1‘: or}nehcted tf' said Input means tiior
. . A ea i
reference signal in dependence upon variations of etecting a peak of the analog scan signal and for

| _ _ , , . holding a corresponding peak value thereof:
the amplitude of said analog input signal; and first means connected to said input means and said

means having first and second input terminals con- peak hold means for producing an analog reference
nected to receive the output signal of said modify- signal having a waveform based on said shading
ing means and said analog input signal, respec- 10 profile; '
tively, for comparing said signals with each other a voltage divider connected between the outputs of
to generate said binary signal, in which said modi- said input means and said first means for producing

at an intermediate output terminal thereof a com-

parison reference signal whose level is maintained

5 between the levels of said analog scan signal and
- said analog reference signal;

second means connected to the output terminal of

fying means includes signal dividing means con-
nected betwein the output of said reference signal ,
producing means and satd second input terminal of
said comparing means, said signal dividing means

ha_vmg a signal dividing output terminal connec!:ed | said voltage divider for suppressing rapid changes
with said first input terminal of said comparing in said comparison reference signal; and

means, and includes integrating means for sup- 20 comparison means connected to the output of said
pressing any rapid change of the output from the input means and said second means for comparing
dividing output terminal of said signal dividing the amplitude of said analog scan signal to that of
means. said comparison reference signal to generate said

binary signal. -
9. An apparatus according to claim 8, wherein said
second means includes an integrating capacitor.

7. An apparatus according to claim 6, in which said
signal dividing means includes a series connection of 20

resistors with said dividing output terminal being con- 10. An apparatus according to claim 8, wherein said

Stltll}ﬁd by thef junction of sald* resistors and said inte- (.44 peone includes 2 low speed operational ampli-
grating means includes a capacitor connected between fier |

said junction of said resistors and ground. 30  11. An apparatus according to claim 8, wherein said
8. A scan signal processing apparatus for converting  second means includes a delay line.

an analog scan signal into a binary signal, said analog | Xk kX kX
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